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The thermodynamics of the S,—N phase transition has been studied within the
framework of the McMillan model generalized to biaxial molecules. The influence
of the biaxiality of the molecular pseudopotential has been shown to be weak for
the transition temperature Tg, v, noticeable for the tricritical point position 7., on
the line of S,—N transitions and strong for the entropy of the transition ASg, 5. With
the McMillan parameters « and & being constant the entropy change ASg,y
decreases with increasing biaxiality parameter 4. For sufficiently high values of
and for a corresponding to a narrow nematic range increasing A can result in
changing the S,—N transition from first to second order. The influence of 4 on the
change of the biaxiality G=S, . — S, of the molecular order parameter in the smectic
phase is in agreement with available experimental data.

1. Introduction

A rich variety of well-known liquid-crystalline phases [1] is caused by the
molecular shape anisotropy as well as by anisotropic steric, dispersion and other
intermolecular interactions. The form of the phase diagram, the order of the phase
transitions and their thermodynamic parameters, as well as the temperature de-
pendence of the molecular order parameters are determined by the balance of
intermolecular interactions of different types and depend essentially on the delicate
structural features of molecules or the structural units formed by them.

One of these important features is the biaxiality of the molecular shape. Within the
framework of the molecular statistical [2-8] and phenomenological [9-117 theories
and computer simulation [12, 13] it has been found that the biaxiality is important for
explaining the weakness of the first order nematic—isotropic transition for real
mesomorphic compounds. In addition to this the molecular biaxiality influences
noticeably the orientational order parameters and their temperature dependence
[2-6], molecular dynamics and orientational correlation functions [14-16], the
cholesteric pitch [17, 18], and the macroscopic anisotropic diamagnetic susceptibility
in the nematic phase [6, 19]. All of this has stimulated the intensive development of the
theory for pure [2-14] nematics as well as for nematic mixtures [20-23] formed from
biaxial molecules on the one hand and its experimental validation by the different
methods [20-31] on the other.

There is also a great number of papers concerned with the features of the smectic A—
nematic transition [11, 32, 33]. However, theoretical investigations of the influence of a
molecular biaxiality on this transition are absent. Moreover, there are experimental
reasons for such studies. For example, the first order S,—N transition influences the
value and the temperature dependence of the order parameter G=S8,,—S,, for the
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solvent [29] and solute [20,21,27,28, 30, 31] biaxial molecules of liquid crystals. The
dependence G(S =8§,,) in the S, phase changes in comparison with that in the N phase
[20,21,27,28,30]. The change of the rotational diffusion coefficient D} at the S,-N
transition for molecules with small biaxiality has been found also by optical
spectroscopy [34]. Finally, the change in energy of the anisotropic dispersion
interactions of biaxial molecules at the S,—N transition and corresponding shifts of
polarized absorption bands of molecules have been observed [30]. All of this testifies to
the fact that the molecular biaxiality has to be taken into account in order to describe
the structural and thermodynamic properties of smectics.

The first attempt of such consideration [35] has been made within the framework of
the McMillan model [36] generalized to biaxial molecules. This allowed the
explanation of the experimental data [30] quantitatively and to elucidate the influence
of smectic layering on the orientational, translational and mixed order parameters of
solute molecules as well as on their positional-orientational correlations. However, the
thermodynamics of the S,—N transition has not been investigated in that case. The
athermal system of biaxial hard particles (spheroplatelets) has been studied [37], where
a rich phase diagram has been obtained in the density—particle biaxiality frame,
composed of uniaxial and biaxial nematic and smectic phases. Moreover, it has been
shown that translational ordering of particles narrows drastically the biaxial nematic
range. Therefore, to a first approximation it should be reasonable to study the
thermodynamic and structural-statistical consequences of a molecular biaxiality for
the S,—N transition between uniaxial phases within the model [35]. This problem is
solved here.

The positional-orientational pseudopotential in a smectic A phase composed of
biaxial molecules is considered briefly and the main assumptions are discussed in §2.
The equations determining the temperature Ty, y for the second order S,—N transitions
and for the tricritical point are obtained analytically. The results for the numerical
analysis of the influence of the molecular biaxiality on Tg, y of the first and second order
phase transitions, the tricritical point, the width of the nematic range, the change of the
transitional entropy as well as on the dependence G(S)in the S, phase are presented in
§ 3. The joint influence of the biaxiality parameter 4 [2] of the pseudopotential and the
parameters «, d introduced by McMillan [36] on the character of the S,—N transition is
examined. The results obtained are compared with the available experimental data.
The main conclusions are summarized in §4.

2. The positional-orientational pseudopotential and the thermal
stability in a smectic A phase formed of biaxial molecules
We consider a uniaxial, apolar monolayer smectic A phase formed of molecules
with C,,, D, or D,, symmetry. The molecular frame (x,y,z,) is determined by the
symmetry elements and selected to diagonalize the Saupe ordering matrix

Si={3cos?0;—1)/2, (i=x1y12¢). ey

Here 0, is the angle made by the ith axis of the molecular frame with the director n and
the brackets <...)> denote a statistical average. The axis z; corresponds to the maximum
value of the principal components S;. For planar molecules with C,, and D,
symmetry the x, axis is in the plane of the molecule and the y, axis is perpendicular to
this plane. The orientation of the director in the frame (x,y,z,) is determined by the
polar angle § = 6, and the azimuthal angle i made by the x, axis with the projection of n
to the plane x,y,.
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Orientational-translational ordering of the molecules is characterized by the order
parameters of the lowest rank [3, 35, 36]

§=S8.,.,={Py(cos0)) =(P,),
G=S,,,—S,,,, =3{sin?@cos 2y >/2=(D), )
t={cos&), o=(P,cos&>, k={Dcosé),

where P,(cosf) is a second Legendre polynomial; £ =2nz/d, z is the translational
coordinate of the centre of mass of a molecule along the axis z[in, and d is the smectic
periodicity. Taking into account the order parameters in equation (2) within the
framework of the McMillan model [36] generalized to biaxial molecules we obtain the
molecular pseudopotential [35]

U0,y,2)=— Vo[(S+ 4,G)P,+ (o + A,k)P, cos &
+(4,S+4,G)D+ (A0 + A,k)D cos & +adrcos £], 3)
where the following definitions:
Vo=tz00€xp [—a*/r3), a=2exp[—(nro/d)’],
4)

— 2u330 2uy,,
— e Az ——

1= = .
(6)1/214200 3uz00

are used. Here u, ,, =u,,, are the expansion coefficients of the pairwise potential for the
effective anisotropic intermolecular interactions, which according to the McMillan
model [36] is supposed to be independent of the orientation of the intermolecular
radius vector R, relative to the axes of the frame (x;y,z,); a is the average
intermolecular distance within a smectic layer; r, is the effective interaction radius
which is approximately equal to the length of the molecular core [32,33,36]. The
parameter ¥, characterizes the strength of the anisotropic part of the intermolecular
interaction, while the parameter ¢ determines the relative contribution of its isotropic
part and characterizes the translational ordering tendency of molecules independent of
their orientational ordering.

It should be noted that as in the nematic phase [2, 3, 6] the pseudopotential for a
smectic A phase in equation (3) contains, in general, three anisotropic parameters V;, 4,
and 2,. Moreover, the relationship u3,,=1u,0U25, Or A, =42 is not strictly valid even
for anisotropic dispersion London-van der Waals interactions [6]. For a uniaxial
nematic phase there is the mutually unambiguous correlation between the pseudo-
potential in equation (3) and that presented in [6]

Ay =3(B+A), Ay=BA, (%)
where
Yxixy — Vyuys Axl—A}’1
=r 0, =, 6
T A, —4) ©

Here y; are the components of the molecular polarizability tensor, which is
diagonalized in the frame (x,y,z,); 7=Tr/3; A;=y,w,, where w, are the characteristic
frequencies of three effective harmonic oscillators polarized along the axes (x,y,z,) and
determining the components y;;. For A=+ 2b we can obtain using equation (5) 4, =
+b, 4,=43—b". As for molecules mentioned previously the inequality y,,.,>7,,,,
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corresponds experimentally to w,, <w,,, so we can suppose >|b| and taking into
account 0<fB<1 the probable correlation 1,~1} can be assumed to a first
approximation.

The relationship 4, =42 is not true for steric interactions of biaxial molecules [7]
and this circumstance seems to be essential for the nematic phase near the S,—N
transition, where the ratio G/S reaches a maximum at S=04-0-5 [2-6,16,24,29].
However, for smectogenic molecules at high values of S the inequalities S>> G [16,29]
and o>»k are valid, so taking into account 4; >A, we should expect 4,S>»1,G,
1,6 > 4,k and the difference |4, — A2| can be neglected. Then equation (3) reduces to the
final form

U0,y,2)= —Vo[(S+A,GYP,+ A D)+ alo + A,k)(P,+ A D)cos E+adrcos &]. (T)

This potential can be formally obtained from McMillan’s potential [36] for uniaxial
molecules by substituting P, + 4,D, S+ 1,G and o+ A,k for P,, S and g, respectively.
The single particle distribution function has the form

f6.9.z)=exp[—%(0,¥,2)/kT]/Z, @®

and the order parameters S, ..., 1 in equation (7) are determined by the system of self-
consistency equations

1 f2rn V.
S== | dx| dyPyx)exp{=(S+4,G)Pax)+4;D(x,¥)]¢ Io(q),
ZJ_1 Jo kT
1 1 f2n VO
G=— | dx| dyD(x,Y)expq-o(S+A4,G)IPax)+ A, Dlx, ¥)] ¢ Lolg),
J -1 J O
1 r1 i f2n dlp ( {VO ; 4
o== x Py(x)exp = (S+A4,G)[P,(x)+ A, D(x, 1,(g),
z).. "), Ax)exp kT( 1G)[PA(x)+ 4, D( l//)]} 1(9) X ©)
1 1 (2= VO
k=— | dx| dyD(x,y)exp{—(S+4,G)[Py(x)+1,D(x,¥)]¢1:(q),
Z o _1 o O kT
1 1 f2n VO
=2 | dx| dyexp{—(S+1,G)Py(x)+1,D(x,¥)]¢1:(q),
Zj 1 Jo kT
1 2x VO
Z= f 1 dx L dy exp {ﬁ(s+llG)[Pz(X)+ixD(x, lﬁ)]}lo(q)-
Here I,(q) are modified Bessel functions and
aV,
=7 {0+ AK)IP:x) + 2, D(x, )] + 63}, (10)
The smectic free energy per molecule F, has the form
Fy _ Y 2 2 2
RT—EH[(S+LG) +alo+Ax)*+adr*]—In Z. §3))
The system of equations (9) has three kinds of solutions: S=...=1 =0 corresponds to

the isotropic phase; S#0, G#0 and 0 =k=1=0—nematic phase; $#0,...,1#0—
smectic A phase. For a given temperature only that phase exists, which corresponds to
a minimum of the free energy in equation (11). The temperatures of the N-I, S,—N and
Sa-1 phase transitions are determined by the equality of free energies of the
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corresponding phases. For the first order S,—N transition the entropy change ASg, n is
given by
ASsn
R 2kTs N

where the subscripts denote the mesophases.

In addition to three adjustable parameters V,, « and é in McMillan’s theory there is
the supplementary parameter 4, in the model based on equation (7). For the first order
S.-N transitions these four parameters can be evaluated from independent measure-
ments of Ty, Ts,n, ASs,n [36, 38, 39] and the correlation G(S) in the nematic phase near
Ty .~ [16,29,40] or from the other set of experimental data. The signs of the parameters
G and x coincide with the sign of ,, so that changing the sign of 1, does not influence
the values of Ty, T~ and ASg, .

To obtain the temperature Tg,y for second order phase transitions and the
tricritical point T;, on the line of S,—N transitions the computational procedure can be
accelerated significantly and carried out more precisely by choosing one of the order
parameters o, t or k as the independent variable and analysing the derivatives of F
with respect to this variable [41]. Taking the parameter ¢ as such a variable we can
expand F, around that of the nematic state Fy

o [(S4+ A,G o) — (S + 4, Gp)* + o + A, k) + adt?], (12)

1d?F 1 d*F
F — A 2y A ko
A=ENS e |l o det |, T (13
The equation for the second order transition line is
d’°F =0 (14)
do'l ¢r=0_ ’
while the tricritical point is determined by the system of two equations
= =0. 1
dO.Z a=0 ’ dOA a=0 0 ( 5)
These equations transfer to
thq—FttFo'a=05 (160)
3[FSaa'+2Fva +FStt‘y2]2 _FSS[1'?1,11:1:’))4 +4Frtm'y3 + 6Fttaay2 +4Fwo'a"y + Fao'a'a] =07
(17 a)

where the definitions
'}’—_-—FW/F", Fu[}=Fﬂa=(azFA/aaaﬂ)a=0""

are used. Equations (16 a) and (17 a) coincide with the analogous ones for a smectic A
with uniaxial molecules [41] and differ only by the expressions for partial derivatives
presented in the Appendix. Then equations (16 a) and (17 a) can be written as

(”‘—T—(s)(”‘ T AID)2>N)=(SN+AIGN)26, (16b)
2V

X4+ 4(Sy+ A4, G)X 3+ 2[4(Sn+ 4, G)* = (P2 + 4Dy X?
+4[2Sn+ A1 GNPy + 4 DY > — (P2 + A1D)*y1X
+2{(Py+ 4D ] — (P2 + 4. D) Dy
_ 2{(Sn+ A GNP+ 4, DY I — (P + 44D) I+ 2Ly + 44 Gn)? = (P + 4, D)*)n]X }

(kT/Vo)—{(Py+4;D)*In+(Sn+ 4, Gn)? (17h)
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where
_ O(Sn+4,Gy)

T (2kT/aV,)—8"

These equations simplify significantly the analysis of the dependence of the second
order transition temperature Tg,y and T, on the parameters a, 4 and 4,, since in order
to determine Ty, y and T; , at fixed values of these parameters only two self-consistency
equations (9) for § and G in the nematic phase have to be solved.

X

3. Results and discussion

To analyse the influence of the biaxiality parameter A=(3/2)'/24; [2,3] on the
thermodynamic parameters of the S,~N transition it is reasonable to consider the
ranges of the changes «=0-2-1-2 and § =0-1-2, which contain typical values of these
parameters obtained earlier from the quantitative interpretation of experimental data
[36,39,42] and used for the theoretical studies of the McMillan model [38,41]. At
B=Ain equation (5) the value 1, = 1/(6)!/2 corresponds to the hypothetical situation of
the continuous N-I phase transition that is not really observed. For pure nematics
effective values of A corresponding to the experimental dependences G(S) are usually
not more than 0-3. However, for some mesogens effective values of 4 in the nematic
phase near the S,—N transition and in the S, phase can reach values of 0-4-0-6 [ 15, 40]
that are not non-physical due to the known growth of the effective value of 4 with
increasing S [15,20-22,29] and at the S,—~N transition [27-31]. In consequence, it is
reasonable to study the influence of 4 changing it within the complete range 0-1/(6)*/%.

Taking into account the pseudopotential biaxiality modifies the phase diagram of
the McMillan model [36, 38,41]. The comparison of these diagrams is presented in
figure 1. For A=0 our data are the same as those obtained in [41]. With increasing 4 Ty
is found to increase as well [2, 3,6,43]. The dependence Tg, n(4) is weaker and more
complex. For each value of é and A there is a critical value «(d, A) such that the
inequalities Tg, (8, 4) 2 Tg, n(0,0) are valid for a2a,. For each value of A there is a
limited range of changes 0<d<d,(4), where a,.(6, A) <o (d, 4). Here (4, 4) corre-
sponds to the tricritical point. For example, for A=0-3 the equality o, =, =0646 is
true at d =4, =0-098. As we can see from figure 1 the values of o, and the corresponding
ones for ¢, decrease quickly with the growth of § and for values 6 ~0-65 used to interpret
the experiments [36,39,42] the correlation Tg, n(4)> T, (0) is valid both for second
and for first order S,—N transitions.

The dependences of «,., and ¢,., on A for several values of 6 are presented in the
table. Figure 1 and the table show that for constant é the parameters o, and t,., grow
with increasing A and the stronger the higher 6. However, because Ty(4) increases faster

The tricritical points for several values of the parameters ¢ and A.

=0 0=0-65 60=12
A Aicp Licp Uyep Licp Oiep Licp
0 0707 0-870 0401 0939 0-294 0982
01 0-708 0-870 0-403 0942 0-297 0987
02 0713 0872 0411 0952 0-306 1-005
03 0723 0877 0427 0973 0-325 1-042

1/6)'* 0745  0-889 0460  1-017 0367 1125
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Figure 1. Phasediagram in the model based on equation (7) for several values of the parameters
& and A in the (o) plane. Here t=Ty, /TN, where the Maier—Saupe transition
temperature T =0-2202V,/k corresponds to the value 4 =0. Dashed and dotted lines are
the lines of tricritical points of the S,—N transition for A=0 and A1=0-3, respectively. Full
and dot-and-dash lines correspond to the lines of the S,—N transitions for A=0 and 0-3,
respectively.

with changing A within the complete range 0-1/(6)"/2 the difference Ty, — T,y grows for
all values of o and J considered here. That is valid also for the difference Ty — T, In
consequence, for small values of the difference Ty, — T,,, observed in experiments
[11,32,33] and corresponding high values of & [36,38,41] taking into account the
biaxiality parameter 4 is supposed to be essential for the discussion of the molecular
aspects of the tricritical nature of the S,~N transition in real compounds in addition to
general reasons of a small Ty, — T, considered before [11,32,33,44,45].

The dependence of the transitional entropy ASg,y (cf. equation (12)) on reduced
temperature t=Tg, /TN for several values of the parameters  and 4 is presented in
figure 2. For 1 =0these data coincide with those published before [41]. For fixed values
of 6 and t the growth of 4 Ieads to a lowering of ASg, y and the stronger the higher r. For
fixed A lowering ASg, v strengthens quickly with the growth of é. Thus, for small real
values of the difference Ty, — T, mentioned previously and corresponding high values
of § the growth of 4 can result in the change of the transitional order from first to second
for mesogens with a weak first order S,—N phase transition. Figure 3 shows the rate of
changing ASg,n(4) for the same initial value ASg,n(0) but different values of the
parameters 6 and a. The chosen value ASg,n(0)=0173 is within the range of
experimental data for weak S,—N transitions [11, 36-39] with a small change of the
orientational order parameter S at Iy, We see from figure 3 that for =0 the
appearance of the tricritical point can be induced only with the value A= /,=1/(6)'/3,
while for the adjustable parameters o« =0-3-0-4 and 6 =065-1-2 [36, 39] being typical
for real mesogens the tricritical point arises at values A <0-3, which are characteristic of
pure nematic liquid crystals [2, 3, 29]. Thus for real mesogens taking into account the
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,6=0
/
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ASyn/R =0,
1.0 /// ,0.65
Y /
v /7
P 0.65 s
s Ve
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s Ve /
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Figure 2. The entropy of the transition ASg, /R versus reduced temperature t=Tg, o/ Thg for
several values of the parameters é and 4. Full and dashed lines correspond to the values
A=0and 1=03.

0.20 r
0.15
ASy/R

0.10

0.05

0.00 :
0.0 0.2 0.4

Figure 3. The dependence of the transitional entropy ASg, v on A for d=0, a=0-745 (full line);
d=065, a=0-421 (dashed line) and = 1-2, «=0-306 {dot-and-dash line).
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pseudopotential biaxiality is important in interpreting the thermodynamic parameters
of the S,~N transition and to determine the adjustable values of ¥, «, § from
experimental data for Ty, Ts,n and ASg,y [36,38,39,41].

Among the order parameters in equation (2) the magnitudes S, G and 7 are of
interest, because they can be measured experimentally. Within the framework of the
McMillan model and that based on equation (7) the parameters o and « are given by
the correlations o~St and k=Gt with a good precision [35,46]. Moreover,
Ap,=(0—81)>0 but A,,=(k—Gr)<0 and the inequalities Ap,«o, |Ap |k are
valid. For 0-25<5<1 and the maximum possible value A,,,=(3/2)'/? the equality
Ap.= —Ap, holds, while for A<4,,, we have |Ap|<Ap. Correspondingly to this
G >k is valid within the complete range of the smectic phase and this inequality
strengthens at T— Ty, y for both first and second order transitions. However, for the
first order transitions lowering t is compensated for by the growth of G and
Kk & constant is possible within the wide range of the smectic phase. At T—0 we observe
k-0 due to G-0. |

To interpret the experimental data the influence of smectic layering on the change
AG(Tg, ) as well as on the dependences G(T) and G(S) in the smectic phase at fixed
value of 4 is of interest. In figure 4 we can see the temperature dependence of the order
parameters S, G and t for A=0-3 and a fixed value of tg,\, that corresponds to
the horizontal cross-section of the phase diagram presented in figure 1 with tg,
= lyop(0 =065; a=0-427) (cf. the table). For the nematic phase the values of S and G in
figure 4 coincide with those published before [2, 6]. The first order S ,—N transitions are
followed by increasing S and lowering G having a discontinuous character. For second
order transitions the change AG(Tg, ) is absent, in agreement with experiment [16].
However, the form of the dependence of the derivative dG/dT on temperature is found
to change for both orders of transition. For experimentally observed values

1.0 -

S, 7,G

0.0a L 1 ; I 1 | )

Figure 4. Temperature dependence of the order parameters S (full lines), G (dashed lines) and
7 (dot-and-dash lines) in the model based on equation (7) at fixed values A=0-3 and
ts,n=0973 for (a) 6=0; (b) 6=065 and (c) 6=1-2.
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Sn(Ts,n)>0-4 the derivative dG/dT increases with increasing temperature in the
smectic phase and decreases at T > Tg,\ in the nematic. It is also in agreement with
available data for pure liquid crystals [16,29] and shows that, in general, the change
AG(T;,n) and the dependence G(T) in smectics are determined by the change of the
order parameter S at T =T,y and by the dependence S(T) in the smectic phase.

The presence of mixed orientational-translational terms in equation (7) resuits in
changing the dependence G,(S,) in the smectic phase in comparison with that in the
nematic. This investigation has shown the inequality G,(S,) < Gn(Sx=S,) to be valid
for fixed values of 4, Tg, y and Sy(Ts,n) at T < T, n, which strengthens for stronger first
order S,—N transitions. Here values of Sy and Gy, corresponds to equation (7) at «=4
=0. Moreover, for fixed values of S the inequality |G, — Gy| <Gy holds and the
difference between G, and Gy disappears at S— 1. It means that smectic layering results
in lowering the effective parameter 4. determined by the correlation between G, and
S, for equation (7) when a = § =0. Changing A at the S,—N transition depends on two
contributions. The former being characteristic of the nematic phase [15,20-22,29] is
determined by the dependence A..(S) [21] and is concerned with the change of § at the
SA-N transition. The latter is determined by smectic layering and, according to
available data for solute molecules, can be both positive [21,28,30,31] and negative
[27]. The last circumstance corresponds qualitatively to the consequences of the model
based on equation (7). The compensation of contributions of nematic and smectic
molecular ordering to the effective value A can result in 1. being constant or
decreasing on lowering the temperature in the smectic phase in the presence of the
growth of A in the nematic phase; this has been observed in [27].

It should be noted as well that, in principle, the character of the S,—N phase
transition, the dependence G,(S,) and the value of A4 can be affected by the
dependence of the pair potential on the orientation of the intermolecular radius vector
R, relative to the coordinate axes of molecules 1 and 2. This dependence, that is the so-
called non-separability of the interaction, is not considered in the McMillan model and
that based on equation (7). For uniaxial molecules taking into account the non-
separability to a first approximation results in additional terms proportional to ¢ cos ¢
and 1P, cos £ in the pseudopotential [47-52]. They correspond to the term 2ayot in the
expression for the free energy of the smectic A [51], which reduces to 2aySt2 when
o~ St and is equivalent to the anisotropic term Shiy|?> within the framework of the
phenomenological de Gennes theory [11,32]. The possibility of the formal transfer
from the McMillan model [36] to equation (7) mentioned previously as well as the
results of [51] allow us to conclude that the formal consideration of the non-
separability has to result in the additional term ay[o + A,k +1(P,+A,D)]Jcos¢ in
equation (7) with one new adjustable parameter y. However, as experimental data
about the thermodynamic and structural characteristics of the S,—N transition for real
mesogens are not enough at the present stage of investigations, it is reasonable to study
the models containing as small a number of adjustable parameters as possible. For all
this the elucidation of the relative contributions of each of them stays to be actual. In
consequence, it should be noted that the simplified model based on equation (7)
describes satisfactorily the orientational-translational statistics of molecules and
allows us to give the reasonable interpretation of the optic spectral properties of pure
and solute smectics A [35].

As we have mentioned, the influence of the biaxiality parameter 4 on the
thermodynamic properties of the S,—N transition grows with increasing 6. The
parameter ¢ strengthens the layering tendency independent of orientational ordering
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and has to increase as the alkyl chain is lengthened at fixed length r, of the molecular
aromatic core. It also leads to increasing a. If the dominant contribution to the total
energy of the anisotropic intermolecular interactions is made up of anisotropic
dispersion forces, the parameter 4, in equation (5) would depend, in general, on the
anisotropy of the polarizability (cf. equation (6)) of the molecular aromatic core, since
lengthening the terminal chains does not affect the parameters ff and A in equation (6)
noticeably. Thus we may except A to change weakly within a homologous series and to
be independent of the parameters « and 6. However, anisotropic steric interactions do
make a significant contribution to the effective value of A. Lengthening the terminal
chains causes the ratio (P,)/{P,)> for aromatic cores to be lowered and the
deviation of the axis of the prefered orientation of the cores from the nematic director or
from the normal to a smectic layer [49, 53, 54]. Moreover, this deviation strengthens on
moving away from Ty, The tilt of flat molecules hampers their rotational mobility
relative to the longitudinal axes, which is equivalent to increasing G and the effective
value of 4. Thus the simultaneous growth of the parameters é and A should be expected
when lengthening the terminal chains. The same is valid for biaxial aromatic solute
molecules localized within the field of a smectic layer occupied by aromatic cores of the
mesogenic molecules. It is in agreement with increasing the effective parameter 4.4 at
the S,—N transition [21,28,30] and within the limits of homologous series with the
growth of the terminal chain [31] usually observed for solute molecules. In
consequence, the maximum manifestation of a molecular biaxiality should be expected
for the highest members of a homologous series with narrow ranges of the nematic
phase.

4. Conclusion

The results presented here show that the biaxiality of the molecular pseudopotent-
ial influences the thermodynamic properties of the S,—N transition. Moreover, the
joint manifestation of the parameters a, 6 and 1 has to be taken into account. By
analogy with the N-I transition the molecular biaxiality lowers the entropy of the
transition ASg, y. Thus for sufficiently high values of 6 and narrow ranges of the nematic
phase the change of the S,—N transition order from first to second can take place for
small values of 4 corresponding to experiments. Unlike Ty, the growth of A can be
followed both by increasing and by decreasing 73,5 depending on the values of the
parameters « and 8. However, for all values of « and é corresponding to experiments the
growth of A results in broadening the temperature range of the nematic phase. The
change AG(T;,n) and the dependence G(T) in the smectic phase are determined by the
change of the order parameter S at T,  and by the dependence S(T). The character of
the dependence of the derivative dG/dT on temperature changes qualitatively both for
first and second order S,-N transitions. These features of the dependence G(T)
correspond to the available experimental data. Qualitative considerations, which are in
agreement with known experiments, show that the maximum manifestation of the
pseudopotential biaxiality should be expected for mesogens having sufficiently long
end chains and narrow nematic ranges.
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Appendix
Vo N[ kT ) 5
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[ A kT 2(kT> <(P2+}“1D) >N9 (Az)
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da2 [ V,\3
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3/aV,\*
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LlaVo\* ., 5 )
me=§ ﬁ 0 [4(SN+'116N) "<(P2+'{1D) >N]a (A 10)
3faV,\* ) 5
Fuow=g 37 ) 28+ 0GP+ LD on— (P + 4D, (AL
3 (aVp\* 22 an -
Forna=g| 7 ) [2<P2+ DY —<(P+ D)1 (A12)
Here the subscript N denotes the following statistical average
f JB(B, ) exp [(Vo/kTYSn+ A, Gn)(Py+ A, D)}d cos 6 ay
(B0, Y)>n= (A13)

f fexp [(Vo/kTXSx+ A, GNP, + 4, D)]dcos O dys

The right hand parts of equations (A 1}A 12) differ from analogous ones in [41] by
substituting of (P,+4,D) and (S+ 4,G) for P, and S.
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